
REPLY TO 
ATTN OF: Qp 


/ffa/p/ret/ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 


TO* usi/Scientif ic & Technical Information Division 

Attention* Mies Winnie m. Morgan 

FROM* GP/Office of Assistant General Counsel for 

Patent Matters 

SUBJECT: Announcement of NASA-Owned U. S. Patents in STAR 

In accordance with the procedures agreed upon by Code GP 
and Code US I , the attached NASA-owned U. S. Patent is being 
forwarded for abstracting and announcement in NASA STAR. 

The following information is provided* 

U. S. Patent No. 


Government or 
Corporate Employee 

Supplementary Corporate 
Source (if applicable) 

NASA Patent Case No. 


NOTE - If this patent covers an invention made by a corporate 
employee of a NASA Contractor, the following is applicable* 

Yes 0* NoQ 

Pursuant to Section 305(a) of the National Aeronautics and 
Space Act, the name of the Administrator of NASA appears on 
the first page of the patent? however, the name of the actual 
inventor (author) appears at the heading of Column No. 1 of 
the Specification, following the words “. . . with respect to 
an ^s&ention of ... “ / 

Elizabeth A. Carter ^ 7 f - 28 8 6 0 


Enclosure 

Copy of Patent cited above 

O ~ 

O 

S 

cd 

- (A'CtESSION NUMBER) 

A 

(THRU) >, 


o 

u. 

>~ 
H- 
— 1 



(CODE) 

10 


^ (NASA CR OR TMX OR AD NUMBER) (CATEGORY) 


. 4 *77- w. 

C%C Q 

i 75 vm 


. ^-/5 V 7 * 2 -/ 


United States Patent 


HU 3,577,014 


(72] 


[ 21 ] 

| 22 ] 

[45J 


Inventors George M. Low 

Deputy Administrator of the National 
Aeronautics and Space Administration with 
respect to an invention of; 

Robert W. O’Neill, 5218 DeMilo, Houston, 
Tex. 77018 
Appi.No. 53,156 
Filed July 8, 1970 

Patented May 4, 197! 


[54] MONOSTABLE MULTIVIBRATOR WITH 
COMPLEMENTARY NOR GATES 
8 Claims, 2 Drawing Figs. 

[52] U.S.CI 307/273, 

307/215, 307/265, 328/92, 328/207 

[51] Lit.CS H03k 3/26, 

H03k 18/34 

[50] Field of Search 307/273, 

215, 279, 304, 265; 328/207, 92 

[56] - References Cited 

UNITED STATES PATENTS 

3,509,379 4/1970 Rapp 307/279 


OTHER REFERENCES 

Pub. I “ Field-Effect Transistors— Part 3 Applications” in 
ELECTRONICS, Dec. 28, 1964, pages 55 to 58 & FIGS, on 
page 57 are pertinent. 

Primary Examiner — Stanley D. Miller, Jr. 

Attorneys — Marvin J. Marnock, Marvin F. Matthews .and John 
R, Manning 


ABSTRACT: First and second positive NOR complementary 
Mos gates are employed to form a monostable multivibrator 
circuit in which the output of the first gate forms the input, to 
the second gate and the output of the second gate forms the 
system output. The trigger signal supplied to the gates is dif- 
ferentiated through a resistance-capacitance circuit and sup- 
plied to the first gate. The differentiated signal may be 
bypassed across the first gate through a semiconductor diode 
to the input of the second gate to permit narrow pulse width 
outputs to reduce input pulse power and to increase the duty 
cycle of the circuit. A feedback capacitor connected across 
both gates is employed in an internal resistance-capacitance 
circuit to provide the time constant for the multivibrator. 

In a modified form, a plurality of monostable multivibrator 
circuits are employed together to generate a sequence of con- 
trol pulses in a date processor. 
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MONOSTABLE MULTIVIBRATOR WITH 
COMPLEMENTARY NOR GATES 

The invention described herein was made, in the per- 
formance of work under a NASA Contract and is subject to 
the provisions of Section 305 of the National Aeronautics and 5 
Space Act of 1958, Public Law 85-568 (72 Stat. 435, 42 ' 
U.S.C 2457). 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention * ^ 

The present invention relates to electronic signal-producing 

means. More specifically, the present invention relates to a 
new and improved, monostable multivibrator designed to pro- 
vide a wide range of output pulse widths with reduced input j 5 
trigger pulse power and increased duty cycle. In a specific 
form, the multivibrator of the present invention is adapted to 
be employed to interface instrument data to the onboard 
telemetry in a spacecraft. 

2. Brief Description of the Prior Art '. •' 20 

A multivibrator is generally a two-stage amplifier with posi- 
tive feedback. The monostable multivibrator switches to an 
unstable state upon being triggered and remains in this state 
for a predetermined period of time before returning to its 
original stable state. This basic principle has been incor- 25 
porated in a variety of circuit schemes for generating time 
delay pulses, or for standardizing pulses of random widths. 

The prior art circuits presently being employed to achieve 
the foregoing functions are objectionable for use in many 
space travel and exploration programs to the extent that they 30 
require excessive power, have only a limited duty cycle and 
have a relatively small range of output pulse widths. 

SUMMARY OF THE INVENTION 

35 

The complementary monostable multivibrator of the 
present invention employs a pair of positive NOR gates which 
are coupled together with the output of the first gate forming 
one input to the second gate and the output of the second gate 
forming the system output. An input capacitive-resistive cir- 
cuit differentiates the trigger pulse derived from a driver cir- 
cuit and supplies it as one input to the first NOR gate. A 
semiconductor diode couples the differentiated trigger pulse 
to the output of the first NOR gate to permit rapid differentia- 
tion of the input pulse which increases the duty cycle of the 45 
circuit, permits the multivibrator to form a narrow pulse width 
output and to allow a reduction in the requirements for input 
pulse power. A feedback capacitor connected across both 
gates acts with a resistance to provide the time constant for 
the output signal generated by the multivibrator. Protective 50 
semiconductor devices are employed to regulate the voltage 
difference across capacitors employed in the multivibrator 
system. 

With the monostable multivibrator of the present invention, 
a wide range of output pulse widths are obtainable, power 55 
consumption is reduced, and relatively large duty cycles are 
attainable. 

The foregoing and other features and advantages of the 
present invention will become more readily apparent from the 
following specification, drawings and claims. b0 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. ! is a schematic circuit diagram illustrating the com- 
plementary Mos monostable multivibrator of the present in- ^ 
vention; and 

FIG. 2 is a schematic diagram illustrating the circuit of the 
present invention as employed for generating a sequence of 
logic pulses in a data processor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 70 

With reference to FIG. I, the monostable multivibrator 
(one-shot multivibrator) of the present invention is indicated 
generally at 10. An Input 1 1 is provided to the circuit through 
a conventional driver circuit which includes a transistor 12 75 
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and a grounded resistance 13. The voltage developed across 
the resistor 13 is coupled to the multivibrator circuit through 
an input differentiation circuit formed by a coupling capacitor 
14 and a grounded resistance 15. The differentiated input 
signal developed across the resistance 15 is communicated to 
a first input 16 in a positive NOR complementary Mos gate 17 . 
The output from the gate 17 is formed on an output line 18 
and is conveyed to the first input 19 of a second Mos gate 20. 
The output from the gate 20 is formed on an output line 21 
which provides the system output of the multivibrator 10, 

The RC time constant for the multivibrator circuit 10 is pro- 
vided by a feedback capacitor 22 connected between a second 
input 23 to the gate 17 and the output of the gate 20 and a re- 
sistance 24 connected between the input 23 and ground. A 
protective semiconductor diode 25 is connected between the 
input 23 to the gate 17 and ground to protect the gate 17 by 
limiting the voltage difference across the capacitor 22. A 
second protective semiconductor diode 26 is connected 
between the first input 16 to the gate 17 and ground to protect 
the gate 17 by limiting the voltage difference across the 
capacitor 14. 

A bypassing, semiconductor diode 27 conveys the dif- 
ferentiated input trigger signal to the input 19 of the gate 20. 
As will be seen, the diode 27 is employed to discharge the 
input differentiating capacitor 14 through the output of the 
gate 17 and across the resistance 13 to enable the system to 
produce very narrow output pulses. 

The circuit of FIG. 1 operates as follows. Before the occur- 
rence of an input trigger pulse, both inputs to the gate 17 are 
at ground potential which corresponds to a logic § input. Since 
the gate 17 performs a NOR logic function, the occurrence of 
electrical signals corresponding to logic § at all of the inputs to 
the NOR gate produces an. electrical output signal cor- 
responding to logic 1 on the output line 18. The logic gate 20 
on the other hand, before the occurrence of the input trigger 
pulse, has a logic 1 on the input 19 and a logic 0 on a second, 
grounded input terminal so that the output signal on the line 
21 corresponds to a logic 0. The transistor 12 in the driver cir- 
cuit of the multivibrator 10 is biased into conduction by apply- 
ing a positive trigger pulse of sufficient amplitude to the base 
of the transistor. When biased into conduction, the current 
flow through the output resistance 13 produces a voltage 
signal which is coupled through the capacitor 14 to the input 

16 of the gate 17. 

The differentiated input trigger pulse applied to the input 
terminal 16 of the gate 17 corresponds to a logic I input to the 
gate which changes the output signal on the line 18 to a logic 
0. The logic 0 signal is input to the gate 20 on the terminal 19 
so that both inputs to the gate 20 produce a logic 0 which 
cause a logic 1 output to appear on the line 21. 

The output on the line 21 remains at a voltage equivalent to 
logic 1 until the capacitor 22 charges to the extent required to 
form a logic 0 at the input 23 to the gate 17, The simultaneous 
occurrence of two logic 0’s at the inputs 23 and 16 to the gate 

17 produce a logic 1 on the output 18 so that the output of the 
gate 2© returns to a logic 0 thus terminating the output pulse. 

Following occurrence of the initial input trigger pulse, the 
charging of capacitor 22 eliminates the need for the presence 
of a logic 1 on the input terminal 16 and the input trigger pulse 
is eliminated by the semiconductor diode 27 which conducts 
to charge the capacitor 14. This in turn returns the Input signal 
on the input line 16 to the gate 17 to ground potential which 
corresponds to a logic 0 input on the terminal 16, 

When the amplitude of the positive trigger pulse occurring 
at the base of the transistor 17 falls below a predetermined 
minimum value, the transistor ceases conducting and capaci- 
tor 14 begins to discharge through the input resistance 13 and 
the semiconductor diode 26. The discharge continues until the 
voltage across the capacitor 14 falls below the “ON” 
threshold of the diode 26. Subsequent discharge of the capaci- 
tor 14 is effected through the combined action of resistances 
13 and 15. 
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In a specific construction of the circuit 10, RCA CD400! 
gates are employed for the- gates 17 and 20; Fairchild diodes 
1N3064 were employed for the diodes 25, '26 and 27, the 
value of resistance 13 was 15 k. ohms, and resistances 15 and 
24' were 1 00k, ohm resistances. The capacitor 14' had a rating 
of 1 00 picofarads and the rating of capacitor 22 was between 
33 and 100 picofarads. The gates were supplied an operating 
voltage of 10” 15 volts. In the specific construction, duty cy- 
cles of 95 percent were obtained and the output pulses of from 
1 microsecond to several seconds were easily generated by 
proper selection of the values of the capacitor 22 and the re- 
sistor 24. 

It may be understood that the gate 20 in the circuit 10 acts 
as an inverter when the second input is grounded in the 
manner illustrated in FIG, 1. If desired, the second input to the 
gate 20 may be connected to the input 19 without changing 
performance of the circuit. In addition, the RCA CD400 1 
gates are equipped with internal protection diodes so that if 
desired, the semiconductor diodes 25 and 26 may be omitted 
with the discharge paths for capacitors 14 and 22 being pro- 
vided by the internal diodes within the gate 17. 

Referring to FIG. 2, a modified form of the present inven- 
tion is indicated generally at 110. The circuit 110 includes 
three monostable multivibrators indicated generally at 101, 

102 and 103. 

Reference characters identifying the components in the 
multivibrator 102 are increased by 100 above the reference 
characters in the corresponding components of FIG. I. The 
circuitry of FIG, 2 is specifically adapted for use in an integral 
flux spectrometer circuit to interface instrument data to the 
onboard telemetry in- a spacecraft. The gates illustrated in cir- 
cuit 1111 which have been designated as 101 a, 101 b, 117, 120, 
102a, 103a, 1036 and 103c are positive NOR complementary 
.Mos gates such as the RCA CD400 1 gates or equivalent. It will 
be understood that the protective function of the diodes 26 
and 25 described earlier with reference to FIG. I is provided 
by internal protective diodes in the gates 101a, 1 17 and 1 03a. 

A. resistor 10 1c and a capacitor Mild provide the time con- 
stant for. the multivibrator 101 while a similarly connected re- 
sistance 103d and a capacitance 103e provide the RC time 
constant for the multivibrator 103. In the specific form of the 
circuit for FIG. 2, the capacitor 10 id is 100 picofarads, the 
capacitor 122 is 68 picofarads and the capacitor 103e is 33 
picofarads. The resistance 1 01c, 124 and 103d are 100 k. 
ohms. 

The circuit 1 10 functions to generate a sequence of control 
pulses to inhibit data, (multivibrator 101), transfer the data 
(multivibrator 102) and clear counters (multivibrator 103) 
for new data in a data processor designed to interface instru- 
ment data to telemetry. The three multivibrators 101, 102 and 

103 are fired simultaneously and the outputs designated 
respectively in FIG. 2 as “inhibit out," “dear out” and 
transfer out,” are decoded to generate the pulse sequence. In 
practice, the inhibit pulse time duration is greater than the 
sum. of the time duration of the “transfer out” and “clear out” 
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pulses to prevent undesired counts during . the transfer and 
reset cycles. 

The foregoing disclosure and description of the invention is 
illustrative and explanatory thereof, and various changes in 
the size, shape and materials as well as in the details of the il- 
lustrated construction may be made within the scope of the 
appended claims without departing from the spirit of the in- 
vention. 

I claim: 

1. A monostable multivibrator circuit comprising: 

a. first and second gate means each having input and output 
means for forming a given electrical signal on their 
respective output means when a predetermined signal oc- 
curs in their respective input means; 

b. connecting means extending between said first and 
second gate means for conveying the signal on the output 
of said first gate means to the input means of said second 
gate means; 

c. time control feedback means extending between said 
input means of said first gate means and said output 
means of said second gate means for conveying an out- 
put-dependent feedback signal to said input of said first 
gate means for controlling the time duration of a signal 
appearing at the output of said second gate means; and 

d. bypass means extending between the input and output of 
said first gate means for bypassing said first gate means 
following onset of an input signal into said input means of 
said first gate means to produce small pulse width output 
signals at the output of said second gate means. 

2. A monostable multivibrator circuit as defined in claim 1 
wherein said gate means include first and second NOR gates. 

3. A, monostable multivibrator circuit as defined in claim 1 
wherein said time control feedback means includes capacitive 
means. 

4. A monostable multivibrator circuit as defined in claim 1 
wherein said bypass means includes semiconductor diode 
means. 

5. A monostable multivibrator circuit as defined in claim 2 
wherein: 

a. said time control feedback means includes capacitive 
means; and 

b. said bypass means includes semiconductor diode means. 

6. A monostable multivibrator as defined in claim 2 further 
including system input means connected to said input means 
of said first gate means for differentiating the system input 
signal to said multivibrator circuit. 

7. A monostable multivibrator circuit as defined in claim 6 
wherein: 

a. said time control feedback means includes capacitive 
means; and 

b. said bypass means includes semiconductor diode means. 

8. A monostable multivibrator circuit as defined in claim 7 
wherein said system input means includes resistive and capaci- 
tive means for differentiating said system input signal. 
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